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REMARKS 

Claims 1-16 are pending in the subject application. The Examiner has withdrawn 
claims 8-16 from consideration pursuant to a restriction requirement. By this 
amendment, Applicants have amended claim 1, cancelled claims 2 and 3, and added new 
claim 17. Support for the amendment to claim 1 can be found, inter alia , within the 
specification on pages 5-6, for example see page 6, lines 3-20. Support for new claim 17 
can be found, inter alia , within the specification on page 5, lines 17-23, page 8, lines 21- 
30, and on pages 9-14. Thus, the changes do not constitute new matter. 
Rejection under 35 U.S.C. § 112, first paragraph - Claims 4-7 

The Examiner has rejected claims 4-7 under 35 U.S.C. 1 12, first paragraph, as 
alledgedly containing subject matter which was not described in the specification in such 
a way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. The Examiner cited Curtis-Prior 
(Lancet, 2:1224-1225(1976)) as contradicting "applicants assertion", and in view of this, 
stated that since Applicant has provided no examples of increased levels of cGMP-PDEs 
in neoplastic tissue, undue experimentation would be required by one skilled in the art to 
determine if the levels were elevated or not. 

hi response. Applicants respectfiilly point out that they have not made any 
assertions with respect to the use of cGMP-PDE measurements to identify neoplasias. 
Instead, Claims 4-7 describe methods for identifying neoplasias responsive to treatment 
with a cGMP-specific PDE inhibitor. Applicants respectfully point out that the existence 
of instances where there are decreased levels of cGMP-PDEs in some neoplastic tissues 
does not preclude one from performing the steps of the methods described in Claims 4-7 
to identify those neoplasias that do have increased levels of of cGMP-PDEs, and that 
have potential for being treated by a cGMP-specific PDE inhibitor. 

Several different neoplasias that have increased levels of cGMP-PDEs have been 
reported in the scientific Hterature (e.g. see Piazza et al., Cancer Res., 61:3961- 
3968(2001), Exhibit A). Furthermore, the subject specification describes in considerable 
detail a variety of methods by which one could determine the level of cGMP-specific 
PDE in a sample of neoplastic tissue, including methods for tissue sampling and PDE 
assay (page 18), cyclic nucleotide measurement (page 19), antibody generation and 
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immunoassay techniques for measurement of PDE protein (pages 20-34), and methods 
for measurement of PDE-coding nucleic acids (page 34-37). Several of these methods 
are also well known in the art, and thus xmdue experimentation would not be required by 
one skilled in the art to determine if the levels of cGMP-specific PDE in a sample were 
elevated or not. Thus Applicants respectfully submit that the methods of claims 4-7 are 
fully enabled and respectfully request withdrawal of this ground of rejection. 
Rejections for double patenting - Claims 1-3 

Li response to the Examiner's non-statutory double patenting rejection. 
Applicants respectfully submit that the rejection with respect to cancelled claims 2 and 3 
is now moot. Claim 1 has been modified by this amendment, and thus applicants 
respectfully request that the Examiner waive any requirements with respect to rejection of 
this claim until allowable subject matter has been identified by the Examiner, whereupon 
Applicant will submit any terminal disclaimer or evidence of common ownership that is 
still required. 

Rejections under 35 U.S.C. S 102 - Claims 1-3 

The Examiner has rejected claims 1-3 under 35 U.S.C. §102. 

Claims 1-3 were rejected as alledgedly being anticipated by Piazza et al. (Cancer 
Res., 55:31 10-31 16(1995)) or Pamukcu et al. (U.S. Patent No. 5,401,774) as evidenced 
by Silvola et al. (Agents and Actions, 12:516-520(1982)). In response, with respect to 
claims 2-3, the rejection is now moot, as these claims have been cancelled with this 
amendment. With respect to claim 1, Applicants respectfully submit that claim 1, as 
amended, and newly added claim 17, require steps that are not disclosed by any of the 
cited references. Accordingly, Applicants respectfully submit that the presently amended 
claim 1 and new claim 17 are not anticipated by the above references, and are allowable 
in their present form. 

Further, claims 1-3 were rejected as alledgedly being anticipated by WO 
96/32379. In response, with respect to claims 2-3, the rejection is now moot, as these 
claims have been cancelled with this amendment. With respect to claim 1, as amended 
and newly added claim 17, Applicants respectfully submit that WO 96/32379 does not 
anticipate the claims (or cancelled claims 2 and 3). WO 96/32379 discloses that cGMP- 
PDE inhibitors are inhibitors of vSMC (vascular smooth muscle cell) proliferation (as 
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noted by the Examiner on page 7 of the July 7, 2003 Office action), and can be used for 
treatment of a variety of disease conditions. Neither cancer nor neoplasia are among the 
conditions disclosed in WO 96/32379. Claim 1, as amended, describes a method for 
identifying neoplasias responsive to treatment with compounds that selectively inhibit 
neoplasia. Claims 1, as amended, and 17 describe specific steps that are not disclosed by 
WO 96/32379. Accordingly, Applicants respectfiilly submit that the rejection is 
overcome. 

Claims 1-3 were rejected under 35 U.S.C. §102(e) as being alledgedly anticipated 
by Piazza et al. (US 5,858,694). hi response, with respect to claims 2-3, the rejection is 
now moot, as these claims have been cancelled with this amendment. With respect to 
claim 1 and newly added claim 17, Applicants respectfiilly submit that the presently 
amended claim 1 and new claim 17 recite steps that are not disclosed by the reference. 
Consequently the claims are not anticipated by the above references, and are allowable in 
their present form. 
Conclusion 

Applicants respectfiilly request that the claims are in condition for Allowance and 
request a timely Notice of Allowance be issued in this case. Commissioner is authorized 
to charge any deficiencies and credit any overpayment to OSI Pharmaceuticals, hic. 
Deposit Account No. 502783. 

Attomey for Applicants can be reached at the telephone number and address 

below. 



Respectfiilly submitted, 





Telephone No. (631) 962-2056 

or (516) 924-4035 

Fax No. (631) 752-3880 



Attomey for Applicants 
Registration No. 41,147 



Shu M. Lee 



December 2, 2003 

OSI Pharmaceuticals, Inc. 

58 South Service Road, Suite 1 10 

Melville, NY 11747 



9 



(CANCER RESEARCH 61, 3961-3968. May 15. 2001] 



Exisulind, a Novel Proapoptotic Drug, Inhibits Rat Urinary Bladder Tumorigenesis^ 

Gary A. Piazza, W. Joseph Thompson,^ Rifat Pamukcu, Hector W. Alila, Clark iM. Whitehead, Li Liu, 

John R. Fetter, William E. Gresh, Jr., Andres J. Klein-Szanto, Daniel R. Farnell, Isao Eto, and Clinton J. Grubbs 

Cell PaOiways, Inc.. Horsham. Pennsylvania 19044 [G. A. P.. W. J. T.. R, P.. H. W. A.. C M IV.. L L. J. R. F.. W. E. G.J; Fox Chase Cancer Center. Philadelphia. Pennsylvania 
19 in [A.J.K.]: Southern Research Institute. Birmingham. Alabama 3S205 [D. R. F.J; and The University of Alabama at Birmingham. Birmingham. Alabama 35205-7340 
[I.E.. C J. G.J 



ABSTRACT 

Exisulind (Aptosyn) \& a novel antineoplastic drug being developed for 
the prevention and treatment of precancerous and malignant diseases. In 
colon tumor cells, the drug induces apoptosis by a mechanism involving 
cyclic GMP (cGMP) phosphodiesterase inhibition, sustained elevation of 
cGMP, and protein kinase C activation. We studied the effect of exisulind 
on bladder tumorigenesis induced in rats by the carcinogen, yV-butyl-yV- 
(4-hydroxybutyJ) nitrosamine. Exisulind at doses of 800, 1000, and 1200 
mg/kg (diet) inhibited tumor multiplicity by 36, 47, and 64% and tumor 
incidence by 31, 38, and 61%, respectively. Experiments on the human 
bladder tumor cell line, HT1376, showed that exisulind inhibited growth 
with a GTso of 118 /iM, suggesting that the antineoplastic activity of the 
drug in vivo involved a direct effect on neoplastic urothelium. Exisulind 
also induced apoptosis as determined by DNA fragmentation, caspase 
activation, and morphology. Analysis of phosphodiesterase (PDE) 
isozymes in HT1376 cells showed PDE5 and PDE4 isozymes that were 
inhibited by exisulind with IC50S of 112 and 116 ;iM, respectively. Inhibi- 
tion of PDE5 appears to be pharmacologically relevant, because treatment 
of HT1376 cells increased cGMP and activated protein kinase G at doses 
that induce apoptosis, whereas cyclic AMP levels were not changed. 
Immunocytochemistry showed that PDE5 was localized in discrete perinu- 
clear foci in HT1376 cells. Immunohistochemistry showed that PDE5 was 
overexpressed in human squamous and transitional cell carcinomas com- 
pared with normal urothelium. The data lead us to conclude that future 
clinical trials of exisulind for human bladder cancer treatment and/or 
prevention should be considered and suggest a mechanism of action 
involving cGMP-mediated apoptosis induction. 



INTRODUCTION 

Urinary bladder cancer is one of the most common malignancies in 
the world, with the highest incidence in developed countries. In the 
United States, —55,000 new cases of bladder cancer were diagnosed 
in 1999, and there were > 12,000 deaths attributable to the disease (1). 
More than 90% of urinary bladder tumors are derived from the 
epithelium, and the majority are TCCs.-* Approximately three-fourths 
of bladder tumors are low grade, papillary, and superficial, with about 
one-fourth being invasive. However, —70% of patients with superfi- 
cial tumors will show one or more recurrences of lesions after the 
initial diagnosis, and approximately one-third of these patients will die 
from bladder cancer as a result of disease progression. If invasive 
disease is detected at the time of diagnosis, there is only a 6% chance 
of survival within a 5-year period. Available treatment involves either 
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systemic or intravesical delivery of chemotherapeutic drugs, which 
produce relatively modest efficacy and are associated with serious 
side effects and/or delivery complications. The high rate of mortality 
from urinary bladder cancer and the high incidence of disease recur- 
rence emphasize the need for new therapeutic agents alone or in 
combination with existing therapies. Research to identify the specific 
molecular defects involved in bladder tumorigenesis has identified 
mutations in a number of genes {i.e., ras and p53) or altered expres- 
sion of proteins (cyclin D and p2I WAFl/CIPl), which are known to 
regulate cell cycle progression and/or apoptosis (2). 

Exisulind' is a p.o. active drug that is a member of a new class of 
dnigs called selective apoptotic antineoplastic drugs (3) being devel- 
oped for the treatment and prevention of precancerous and malignant 
disease. Exisulind was developed as a result of cell culture studies 
investigating the growth-inhibitory and apoptosis-inducing properties 
of sulindac metabolites (3-5) and rodent studies showing COX- 
independent inhibition of colon tumorigenesis (6). Exisulind does not 
inhibit either the constitutive or inducible forms of COX (6-8). The 
biochemical mechanism by which tumor cells undergo apoptosis in 
response to exisulind has been investigated in human colon tumor cell 
lines (9). In these studies, exisulind inhibited cGMP PDE of either the 
PDE2 or PDE5 isozyme families to cause a sustained increase in 
cGMP and the activation of cGMP-dependent protein kinase. Certain 
other cGMP PDE inhibitors and guanylate cyclase activators also 
induced apoptosis, although most other PDE inhibitors, including 
PDE4- and PDE5-specific inhibitors, failed to induce apoptosis and 
did not cause a sustained increase in cGMP levels in colon tumor cell 
lines. Other investigators have also reported that such specific PDE 
inhibitors, particularly in the absence of an agonist, do not lead to a 
sustained increase in either cAMP or cGMP in other cell systems 
(9-11). Thus, exisulind is a novel proapoptotic drug with a mecha- 
nism involving cGMP PDE inhibition and PKG activation. 

Previous studies have shown that the apoptosis-inducing properties 
of exisulind are fundamentally different from conventional chemo- 
therapeutic drugs. For example, apoptosis induction by exisulind does 
not require cell cycle arrest as it does for chemotherapeutic drugs, 
such as 5-fluorouraciI (5). Consequently, exisulind should induce 
apoptosis in precancerous or cancerous cells regardless of the rate of 
proliferation within the lesion. In addition, p53 or bcl-l do not appear 
to be necessary for exisulind to induce apoptosis of colon or prostate 
tumor cell lines, respectively (5, 7). In contrast, apoptosis induction by 
most chemotherapeutic drugs has been shown to generally involve 
p53-dependent (12) and 6c/- 2 -dependent (13) pathways. Therefore, it 
would be expected that tumor cells harboring p53 mutations or over- 
expressing hcl-2 (which is common in malignant diseases) would 
undergo apoptosis in response to exisulind. Such tumor cells may 
otherwise be resistant to chemotherapeutic agents that require these 
molecular pathways to induce apoptosis. 

Studies using rodent models of chemically induced tumorigenesis 
or xenograft models involving die colon (6, 14), breast (8, 15), limg 
(16), and prostate (17) tumors suggest that exisulind has a broad 
spectrum of antineoplastic activity, particularly involving adenocar- 
cinomas. In addition, exisulind and other selective apoptotic antine- 
oplastic drugs have been shown to inhibit cell growth and induce 
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apoptosis in a variety of human tumor cell lines of diverse histological 
origin, including nonepilhelial tumor cells (4, 7, 1 5). However, there 
have been no studies of exisulind and its activity against urinary 
bladder tumors or other squamous cell carcinomas, nor have any 
mechanistic studies been performed on bladder tumor cells. We have 
found that exisulind was effective in a chemically induced model of 
rat urinary bladder tumorigenesis and that human bladder cancer cells 
are growth inhibited and undergo apoptosis in response to exisulind 
treatment. We also found that PDE5 and PDE4 isozymes were ex- 
pressed in human bladder tumor cells and were sensitive to exisulind 
at doses that inhibited tumor cell growth. PDE5 appears to be a 
pharmacologically relevant target for exisulind, because treated blad- 
der tumor cells showed increased cGMP levels and activated PKG. 
PDE5 was overexpressed in human urinary bladder transitional cell 
and squamous carcinomas compared with normal urothelium showing 
the presence of the drug target in malignant lesions. 

MATERIALS AND METHODS 

Drug Synthesis and Diet Preparation. Exisulind was obtained from Me- 
dea Laboratories (Port Jefferson Station, NY) and prepared as described 
previously (6). Exisulind was administered to the animals as a dietary supple- 
ment using powdered Teklad (4%) diet (Harlan Teklad, Madison, WI). The 
drug was analyzed for purity and stability in the diet using high-performance 
liquid chromatography (18). Drug-containing diets (0.5 g) were homogenized 
for 15-30 s in EDTA and ascorbic acid (0.5 mg/ml) using a Brinkmann 
Polytron and exu-acted by shaking with 23 ml of 50% methanol/50% rt-butyl 
alcohol. The extract was then centrifuged for 10 min at 5000 rpm, and the 
supernatant was analyzed by a Hitachi Model L6200 fitted with a Spherisorb 
ODS-2 3 /x column (150 mm X 4.6 mm; Alltech, Deerfield, IL). The mobile 
phase consisted of 4% (v/v) aqueous acetic acid and acetonitrile (65:35) 
pumped at a flow rate of 1 ml/min. Exisulind and an internal standard 
(indomethacin) were detected with an online Hitachi Model L4200 UVA^IS 
detector at 328 nm. The retention times were ^ 1 1 min for exisulind and 1 3 min 
for indomethacin. Diets were analyzed for exisulind after weeks 1,12, and 25 
of the study and consisted of actual concentrations of ± 7% of the theoretical 
dose. 

Carcinogen-induced Rat Urinary Bladder Model. The study used the 
carcinogen, OH-BBN, which has been shown previously to selectively induce 
bladder tumors with his to pathology similar to human bladder tumors (19). The 
protocol to induce tumors was based on a method described previously that 
produced a high incidence of urinary bladder cancers in rats within 6 months 
after carcinogen administration (20). Briefly, female Fischer 344 rats were 
purchased from Harlan Sprague Dawley, Inc. (Indianapolis, IN; virus-free 
colony 218) at 28 days of age. The animals were placed on the Teklad diet on 
the day of arrival. Dietary supplementation with exisulind (600, 800, 1000, or 
i 200 mg/kg of diet) was initiated when the rats were 43 days of age. The 
carcinogen (OH-BBN) was obtained from TCI America (Portland, OR) and 
administered as a 150-mg/ml solution of ethanol:water (20:80). Beginning 
when the rats were 49 days of age, OH-BBN was administered by gavage 
twice/week for 8 weeks (150 mg/gavage) for a total dose of 2400 mg/rat. The 
rats were weighed weekly and checked daily for signs of toxicity. The suxdy 
was terminated at 6 months after the initial dose of carcinogen. 

At the time of sacrifice, the uriniary bladder of each rat was processed for 
gross and histological analysis. At necropsy, the empty urinary bladder from 
each rat was tied off and inflated with 10% neutral formalin. After fixation, the 
bladders were examined under a high-intensity light for lesions. The approx- 
imate location and size of each lesion was recorded. Each lesion was separately 
embedded in a paraffin block, and random transverse sections (5 nm) from two 
different levels were cut and stained with H&E for histopathology. For 
diagnosis, a pathologist read the slides from each rat randomized so that the 
nature of the treatment received by the rat was not known. The term "carci- 
noma" was applied to both squamous and transitional cell urinary bladder 
cancers because most of the lesions contained both components. The statistical 
analysis used to compare urinary bladder tumors between the different treat- 
ment groups and the control group was the test. 



Cell Culture Conditions and Treatments. Human bladder HT1376 tumor 
cells were obtained from American Type Culture Collection (Rockville, MD) 
and grown in RPMI 1640 supplemented with 5% FCS, 2 mM glutamine, 100 
units/ml penicillin. 100 units/ml sOreptomycin, and 0.25 /ng/ml amphotericin. 
Exisulind was solubilized in 100% DMSO and diluted with medium to obtain 
a final concentration of 0.1% DMSO or less. 

Growth Inhibition. Cells were plated at a density of 1000 cells/well in 
96-well microliter plates and allowed to grow for 24 h before adding the drug 
in a lOX stock solution of medium and 1% DMSO. The growth-inhibitory 
activity of exisulind on HT1376 cells was determined colorimetrically by the 
SRB binding assay after 6 days of treaUnent, as described previously (4). 

Apoptosis. Apoptosis induction of HT1376 cells by exisulind was deter- 
mined based on DNA fragmentation, cytokeratin cleavage, and morphology. 
For measurements of DNA fragmentation, cells were plated in 96-well micro- 
plates at a density of 10.000 cells/well and allowed to grow for 24 h prior to 
the addition of the drug. The amount of hi stone -associated DNA (nucleo- 
somes) contained within cell lysates after 48 h of treaUnent was quantified by 
a double-antibody ELISA method using a manufactured kit (Boehringer Mann- 
heim, Indianapolis, FN) as described previously (5). In addition, cells were 
labeled with an antibody specific for a proteolytic product of cytokeratin 18 
that is generated by caspase cleavage of a VEVD/A sequence (21), HT1376 
cells were plated on coverslips, allowed to attach for 24 h, and treated with 350 
/xM exisulind for an additional 24 h. The cells were fixed in -20°C methanol 
for 30 min, air dried, and rehydrated in D-PBS for 5 min at room temperature. 
Cells were incubated for 1 h in a humidified chamber with a mouse mono- 
clonal cytokeratin 18 antibody (M30 clone) at 1:100 (Boehringer Mannheim).- 
The primary antibody was labeled with a FlTC-conjugated secondary antibody 
(Jackson Immuno Research Labs, West Grove, PA). Cells were washed for 15 
min in D-PBS between each incubation step and counterstained with DAPI 
mounted in Vectashield (Vector Laboratories, Buriingame, CA) to visualize 
morphological features of apoptosis. Digital images were collected using an 
Olympus 1X70 fluorescence microscope and overlaid using a Spot 2 camera 
(Diagnostic Instruments) and software. Images were annotated with PhotoShop 
5.0 (Adobe), The number of M30-positive cells was determined by counting 
500 cells/sample. ^ 

PDE Isozyme Fractionation and Assay. HT-1376 cells were grown to 
confluence in 20 150-cm^ flasks. Approximately 130 million cells were man- 
ually homogenized in a buffer containing 20 mM Tris acetate, 5 mM magne- 
sium acetate, 0.1 mM EDTA, 1.0% Triton X-lOO, and protease inhibitors (10 
mM benzamidine, 10 jllm TLCK, 2000 units/ml aprotinin, 2 jllm leupeptin, and 
2 jllm pepstatin A) at pH 7.5 using a glass tissue grinder with a Teflon pestle. 
After ultracenirifugation at 100,000 Xgat 4°C for 1 h, supernatant was diluted 
5 -fold with the buffer without Triton (5 mM Tris acetate) and loaded at 1 
ml/min onto an 18-ml DEAE Trisacryl M column (BioSepra) using a Phar- 
macia AKT A/fast protein liquid chromatography. The column was washed 
with 8 mM Tris acetate, 5 mM magnesium acetate, and 0. 1 mM EDTA (pH 7.5), 
and PDEs eluted with a gradient of 0-1 m sodium acetate in Tris acetate buffer 
at a flow rate of 1 ml/min into 1.5-ml fractions. pH]cAMP or pH]cGMP 
substrates (0.25 /xm; 300,000 cpm) were used to differentiate isozymes, as 
described previously (22). 

Permeabili/ed Cell Assay of Cyclic Nucleotide PDE. Cultured human 
bladder cancer cells HT-1376 were grown to confluence in 24-well tissue 
culture plates. Growth medium was removed, and cells were washed for 5 min 
with DMEM, followed by cold PBS. Cells were then placed on ice in 700 ^1 
of ice-cold Tris-HCl buffer (20 mM; pH 7,4) containing MgCl^ (5 nruvt), 0.5% 
Triton X-100, and protease inhibitors ( 10 /am tosyl-lysine-chloro-ketone, 2 p.M 
leupeptin, 2 fiM pepstatin A. 10 mM benzamidine. and 2000 units of aprotinin/ 
ml). The reaction was initiated by adding 100 /xl of 0.5 mg/ml snake venom 
(Sigma Chemical Co., St. Louis, MI) and 0,25 ;iM cGMP or cAMP, along with 
[^H]cGMP or [^H]cAMP, respectively. After incubating for 30 min at 30X, 
the reactions were terminated by the addition of 1.8 ml of methanol. The 
extract was then applied to a 1-ml Dowex anion exchange column to remove 
unreacted substrate. The eluant was collected and counted in 6 ml of scintil- 
lation fluid. 

Cyclic Nucleotide Measurements. Intracellular levels of cGMP and 
cAMP were measured by an enzyme-linked immunoassay. HT1376 cells 
(2 X 10*) were plated on lOO-mm dishes. Exisulind was added afler the 3rd 
day of growth. After a rapid wash with cold PBS, 1 ml of 0.2 N HCl/50% 
methanol was added directly to the attached cells, and the exu^ct was dried 
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Fig. 1. Gain in body weight of control and exisulind-treated rats after carcinogen 
administration. The groups (30 rats/group) were fed: control diet (♦); exisulind, 1200 
mg/kg diet (•); exisulind, ioOO mg/kg diet {■); cxisulind, SOO mg/kg diet (A); and 
cxisulind, 600 mg/kg diet (▼). The unpaired Student / test was used to compare differ- 
ences in body weights. 



Table I Effect of exisulind on the incidence of OH-BBN-induced urinary bladder 
lesions" 





Urinary bladder lesions 




Treatment 


Papillomas 


Carcinomas 


Papillomas + Carcinomas 


Teklad diet only 


60% 


27% 


77% 


. Exisulind (600 mg/kg) 


60% 


30% 


77% 


Exisulind (800 mg/kg) 


43% 


23% 


53% 


Exisulind (IOOO mg/kg) 


38% 


. 14% 


48% 


Exisulind (1200 mg/kg) 


27% 


7% 


30%* 



" The study involved groups of 30 female Fisher 344 rats and was terminated at 6 
months after the initial dose of OH-BBN. 
* Different from control, P <O.Ol,x^ test. 



using a speed vacuum. Samples were reconstituted in 200 /xl of water and 
acetylated as described previously (23), and the cyclic nucleotide content was 
detennined using enzyme-linked immunoassay kits purchased from Linco 
Research, Inc. (St. Charles, MO). The results were expressed in fmol of cGMP 
or cAMP per mg of protein. 

PKC Activity. PKG activity in lysates from HT1376 cells was measured 
by an affinity bead substrate assay using PDE5 as a substrate. The GST-PDE5 
fusion protein fragment of PDE5 corresponding to VaP*-Glu^^^ of bovine 
PDE5 (I) was prepared and bound to GSH-Sepharose affinity beads as de- 
scribed previously (24). After treating for 1 h with 0.5% DMSO or 500 ^lm 
exisulind, cells were washed with cold PBS and lysed with cold buffer 
containing 50 mM Tris-HCl, 1% NP40, 150 mM NaCl, 1 niM EDTA. I mM 
Na3V04, 1 mM NaF, 500 julm l-methyl-3-isobutylzanthine, and Complete 
proteinase inhibitor mixture (Roche Molecular Biochemicals, Palo Alto, CA). 
Cell lysates (100 jitg), substrate (20 fig protein), 0.5 jitM protein kinase inhibitor 
(Refs. 5-24; Calbiochem-Novabiochem Corp., San Diego, CA), 4.5 mM Mg^"^, 
and [7-"P]ATP (10 ^Ci; 190 julm), with or without added cGMP (100 ^m), 
were mixed and incubated at 30*'C for 30 min. The phosphorylated PDE5 
fusion protein was resolved by 7.5% SDS-PAGE and quantified by a phos- 
phorimager. 

PDE5 Immunolabeling. The presence and distribution of PDE5 in cul- 
tured human bladder tumor cells and specimens fi-om patients with bladder 
carcinoma were determined using an affinity -purified polyclonal anti-PDE5A 
IgG. PDE5 antiserum was generated in sheep against the peptide antigen 
AQLYETSLLENKRNQV corresponding to residues 317-332 in PDE5A1, 
prepared by Bethyl Labs (Montgomery, TX), and purified by an antigen 
affinity column. Monolayer cultures of HT1376 cells were seeded on cover- 
slips for 24 h, fixed in 3% paraformaldehyde in D-PBS for 10 min at room 
temperature, and permeabilized in 0.5% Triton X-100 in D-PBS for 5 min at 
room temperature. The cells were incubated for 1 h in a humidified chamber 
at room temperature with affinity-purified anti-PDE5 IgG (50 fii) at 1:200. 
After three 5 -min washes of D-PBS, the cells were incubated with Cy3- 



conjugated secondary antibody (Jackson Immune Research Labs) for 30 min at 
room temperature and analyzed as described above for the cytokeratin cleav- 
age product. 

For immunolabeling of tissues, specimens were obtained fi-om either biop- 
sies or surgically removed human bladder transitional or squamous cell car- 
cinomas. The specimens were fixed in 10% neutral -buffered formalin and 
embedded in paraffin. Sections of 4-;i.m thickness were cut, mounted on 
poly-lysine-coated slides, dewaxed in xylene, rehydrated in alcohol, and 
blocked for endogenous peroxidase (0.3% H2O2 in PBS). Sections were then 
blocked with 1% normal rabbit serum by incubating overnight at 4°C in a 
humidified chamber. After washing three times in D-PBS (5 min/wash), the 
sections were incubated with affinity-purified anti-PDE5 IgG (1:500) for 1 h at 
room temperature. Antibody labeling was detected using the Vector Elite ABC 
kit and visualized with the peroxidase substrate, diaminobenzene. Slides were 
counterstained with 5% hematoxylin and analyzed by light microscopy. The 
specificity of the anti-PDE5 IgG was confirmed in cultured colon cells and 
tumor specimens. In both cases, preincubating the anti-PDE5 IgG with the 
peptide antigen or human PDE5 GST-fusion protein [corresponding to the 
bovine PDE5 (1) sequence Val'-^-Asp^^^] for 1 h at room temperature, before 
incubating with cells or tissue sections, blocked essentially all immunoreac- 
livity. In addition, i mm uno reactivity was not observed by omitting the primary 
antibody from the labeling procedure or substituting with affinity-purified 
preimmune sheep antiserum. 

RESULTS 

Carcinogen-induced Rat Urinary Bladder Tumorigenesis. Ex- 
isulind at doses of 600, 800, 1000, and 1200 mg/kg diet were tested 
as a dietary supplement initiated 6 days before the first dose of the 
carcinogen. Rats receiving exisulind at all doses showed a rate of body 
weight gain similar to untreated rats ±5% (Fig. 1), indicating that 
exisulind treatment was well tolerated with respect to the growth of 
the rats. No ovqvX signs of toxicity were observed, and no rats died in 
either the control or drug-treated groups during the study. 

Exisulind treatment inhibited the incidence of urinary bladder pap- 
illomas and carcinomas (Table 1). Rats administered the carcinogen 
without treatment had a 60% incidence of papillomas and 27% inci- 
dence of carcinomas, with a combined 77% incidence. A decrease in 
tumor (papillomas and carcinomas) incidence to 30% (61% reduction) 
occurred with the 1200 mg/kg exisulind-treated group {P < 0.01), 
although exisulind at IOOO and 800 mg/kg also showed a trend to 
reduce tumor incidence to 48% (38% reduction) and 53% (31% 
reduction), respectively. 

Exisulind treatment had a pronounced effect on tumor multiplicity 
(Table 2). The multiplicity of papillomas was reduced firom 0.97 
tumors/rat in the untreated group to 0.53, 0.55, and 0.40 tumors/rat in 
the 1200 (P < 0.01), 1000 (P < 0.05), and 800 {P < 0.05) mg/kg dose 
groups, respectively. Exisulind also reduced the multiplicity of carci- 
nomas from 0.33 tumors/rat in the control group to 0.07 tumors/rat in 
the 1200 mg/kg dose group (P < 0.05). A trend toward reduction to 
0.14 tumors/rat occurred in the 1000 mg/kg dose group. A dose- 
response relationship was apparent by tabulating both carcinomas and 



Tabic 2 Effect of cxisulind on the multiplicity of OH-BBN-induced urinary bladder 
lesions" 





Urinary bladder lesions 




Treatment 


Papillomas 


Carcinomas 


Papillomas + Carcinomas 


Tcklad diet only 


0.97 


0.33 


1.30 


Exisulind (600 mg/kg) 


0.77 


0.37 


1.13 


Exisulind (800 mg/kg) 


0.53* 


0.30 


0.83* 


Exisulind (IOOO mg/kg) 


0.55* 


0.14 


0.69^ 


Exisulind (1200 mg/kg) 


0.40^ 


0.07* 


0.47*^ 



" The study involved groups of 30 female Fisher 344 rats and was temiinatcd at 6 
months after the initial dose of OH-BBN. Values arc the average number of tumors/raL 
* Different from control, P < 0.05, test. 
" Different from control, P < O.OX.x'^ test. 



EXISULIND INHIBITS URINARY BLADDER TUMORJGENESIS 



A 



100-1 




QJ , • , ; 1 

10-*' 10**° 10'" 10 = 

Exisulind (M) 

B 

0.4-1 




0.0-" 1 1 \ 1 

10-*^ ^Q^*^ 10-" 10-=*^° 
Exisulind (M) 

Fig. 2. Growth- inhibitory and apoptosis-inducing effects of exisulind on HT-I376 
human bladder tumor cells. A, cell growth was determined in the presence of various 
concentrations of exisulind by the SRB assay after 6 days of treatment. Bars. SO. B. 
apoptosis was determined in the presence of the indicated concentrations of exisulind by 
measuring DNA fragmentation after 48 h of drug treatment. OD. absorbancc. 



papillomas. From the lowest to the highest dose of exisulind, the 
values were 1.13, 0.83, 0,69, and 0.47 tumors/rat, representing reduc- 
tions of 13, 36, 47, and 64%, respectively, when compared with the 
controls. For the 1200, 1000, and 800 mg/kg dose groups, the reduc- 
tion was statistically significant at P < 0.01-0.05. 
. Growth Inhibition and Apoptosis Induction in Human Bladder 
Tumor Cell Cultures. Exisulind inhibited the growth of the human 
bladder tumor cell line, HT1376, with a GI50 of 1 18 ixm at 6 days of 
treatment (Fig. lA). Relative to untreated cells, exisulind at doses 400 
jLCM or higher inhibited growth by -90%. Similar potency (GIjo, 133 
piM) and extent of growth inhibition was observed using another 
human bladder tumor cell line, 3-HTB (data not shown). 

The effect of exisulind on apoptosis of HT1376 cells was measured 
after 48 h of treatment and showed a dose-dependent increase in DNA 
fragmentation (ECjo, 317 p.M; Fig. IB). Apoptosis induction was also 
studied by labeling treated cultures with an antibody specific for a 
cytokeratin-18 proteolytic product and DAPI to visualize characteris- 
tic morphological features of apoptotic cells. The photomicrographs in 
Fig. 3 show examples from HT1376 cultures treated with exisulind 
(350 jlim; 24 h). In Fig, 3, A-C show an example of an early-stage 
apoptotic cell (bottom arrow), which displays filamentous labeling 
from the cleaved cytokeratin-18. No morphological evidence of ap- 
optosis is apparent at this early stage. Panels D-F show an example 
of a late-stage apoptotic cell that displays globular labeling with the 
cytokeratin-18 antibody and intense nuclear labeling, indicating nu- 
clear condensation. The top arrow shown in Fig. 3, A-Q shows an 
example of an intermediate-stage cell. Quantification of apoptosis in 
the attached cell population after 24 h of treatment demonstrated that 
exisulind increased the percentage of apoptotic cells (labeling index) 
from 1 to 9.9%. 

PDE Isozyme Expression in Cultured Human Bladder Tumor 
Cells and Sensitivity to Exisulind. Previous studies in colon tumor 
cell lines have shown that exisulind induces apoptosis by a mecha- 
nism involving cGMP PDE inhibition of either or both the PDE2 and 
PDE5 isozyme families (9). To determine which PDE isoforms are 




Fig. 3. Exisulind-trcated HTI376 cells undergoing apoptosis. Cells were treated with exisulind (350 /im; 24 h), labeled with DAPI (A and D) and M30 cytokcratin 18 antibody (B 
and £). C and F. merged images. Both early- and late-stage apoptotic cells {arrows) are identified by M30 immunoreactivity. Early apoptotic cells displayed filamentous labeling (B), 
whereas late apoptotic cells displayed both granular labeling and condensed and/or fragmented nuclei (£). 
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Fig. 4. Cyclic nucleotide PDE isozymes in HTI376 cells and Inhibition by exisulind. 
High-speed supematants from HT1376 cells were chromatographcd on a DEAE-Trisacryl 

M column and clutcd with a gradient of 0-1 m sodium acetate ( ) at a flow rate of 

I ml/min into 1.5-ml fractions using Pharmacia fast protein liquid chromatography. 
[^H]cAMP (■) or [^H]cGMP (•) substrate (final concentration, 0.25 ^im) was used to 
diPTcrehtiate PDE4 and PDE5 isozymes, respectively. The PDE isozyme-specific inhibi- 
tors, rolipram (□) and E402I (O), were used to indicate the presence of PDE4 or PDE5, 
respectively. The addition of 5 /iM cGMP ( A) was used to test for the presence of PDE2 
or PDE3 that will either stimulate or inhibit cyclic nucleotide hydrolysis, respectively (A). 
Fraction numbers 30-53 and 73-90 were pooled and designated as PDE5 and PDE4, 
respectively. The pooled fractions were assayed for PDE activity in the presence of the 
indicated concentration of exisulind {B). 



expressed in human bladder tumor cells, HT1376 cell lysates were 
fractionated by anion-exchange chromatography (Fig. 4A). HT1376 
cell lysates contained two peaks of PDE activity. The first peak of 
activity hydrolyzed cGMP, and not cAMP, whereas the second peak 
hydrolyzed primarily cAMP. Most of the cGMP hydrolytic activity in 
the first peak was inhibited by E4021, a PDE5 -selective inhibitor. 
Essentially all of the cAMP hydrolytic activity in the second peak was 
inhibited by rolipram, a PDE4 selective inhibitor. Hydrolysis of 
cAMP assayed in the presence of cGMP to either stimulate or inhibit 
activity of PDE2 or PDE3, respectively, showed that both peaks were 
essentially insensitive to cGMP, indicating the fractions were not 
contaminated with either PDE2 or PDE3. Fractions from the two PDE 
peaks were pooled, and the IC50S for exisulind were determined (Fig. 
45). Exisulind comparably inhibited PDE5 with an IC50 of 112 
p,M ± 10 and inhibited PDE4 with an IC50 of 1 16 ptM i 3. 

To further study the PDE isozyme content of bladder tumor cells 
and to test the possibility that certain PDE enzymes were degraded 
during fractionation, we measured PDE activity in detergent-perme- 
abilized HT1376 cells (Fig. 5). Consistent with results from fraction- 
ation experiments, PDE4 and PDE5 were present, as evident by the 



sensitivity of cAMP hydrolysis to rolipram and cGMP hydrolysis to 
E4021, respectively. The addition of cGMP did not affect cAMP 
hydrolysis in the presence of rolipram to indicate the absence of PDE2 
and PDE3 in these cells. Calcium/cal moduli n-dependent PDEl was 
also absent in these cells, as indicated by the insensitivity of cGMP 
hydrolysis to exogenous calcium or calcium chelation by EGTA 
treatment. 

Effect of Exisulind on Cyclic Nucleotide Levels in Intact Cells. 

Whereas the above experiments demonstrate the presence of PDE4 
and PDE5 in HT1376 cells and comparable sensitivity to exisulind in 
isolation, additional experiments were performed to determine the 
effects of the drug on cyclic nucleotide levels in intact HT1376 cells 
(Fig. 6A). Exisulind at either 100 or 500 significantly increased the 
levels of cGMP within 1 h of treatment. The effect of the drug on 
cGMP levels was sustained, because comparable induction was ob- 
served after 48 h of treatment. Although cAMP levels were 100-fold 
higher in HT1376 cells compared with cGMP levels, exisulind treat- 
ment did not affect cAMP levels after either 1 or 48 h of treatment at 
either the low or high dose tested. 

PKG Activation by Exisulind. We reasoned that increased levels 
of cGMP induced by exisulind may activate PKG to transmit the 
effect of the drug to apoptosis pathways. To test this possibility, 
HT1376 cells were treated, and PKG activity was measured in cell 
lysates using a phosphorylation assay with a GST-PDE5 fusion pro- 
tein (VaP*-Glu^^^) bound to GSH-Sepharose as a substrate. The 
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Fig. 5. Cyclic nucleotide PDE isozymes in pcrrncabilizcd HT1376 cells. PDE activity 
was measured in detergent-permeabilized cell monolayers as described in "Materials and 
Methods." The presence of PDE4 and PDE5 was detemiined by measuring the effect of 
rolipram (50 fjM) on cAMP hydrolysis or E4021 (10 ^lm) on cGMP hydrolysis, respec- 
tively. The presence of PDE2 or PDE3 was determined by measuring cAMP hydrolysis 
in the presence of rolipram and cGMP (2 >im) to determine either a stimulatory or 
inhibitory effect, respectively. PDEl activity was determined by measuring cGMP activity 
in the presence of calcium (2 mM). EGTA (0.5 niM), or the combination. Bars. SD. 
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Fig. 6. cGMP elevation and PKG activation in HTI376 ceUs by exisuiind. Effects of 
exisuiind on cGMP and cAMP levels were measured by an immunoassay as described in 
"Materials and Methods" after I h of treatment {A). *, P < 0.05 using a one-tailed / test 
for determining statistical significance. PK.G activity was measured in the absence or 
presence of cGMP (100 ^m) after 1 h of treatment with exisuiind (500 ^m) using 
GST-PDE5 fusion-protein bound to GSH-Sepharose as a substrate as described in "Ma- 
terials and Methods." The phosphorylated substrate was resolved by 7.5% SDS-PAGE (fi) 
and quantified by phosphorimaging {€). 



results showed that cell ly sates obtained from exisulind-treated cells 
displayed 2.5-fold greater PFCG activity compared with lysates from 
control cells (Fig. 6, B and C). The addition of cG MP to the reaction 
mixture enhanced the phosphorylation, indicating that PKG, rather 
than some other kinase, was activated by exisuiind. 

PDE5 Immunolabeling in Cultured Human Bladder Cells and 
TCCs. The presence and intracellular localization of PDE5 in human 
bladder tumor cells was studied by immunofluorescence microscopy 
using affinity-purified anti-PDE5 IgG. PDE5 labeling was seen pri- 
marily in discrete perinuclear foci, although diffuse cytoplasmic la- 
beling was also apparent (Fig. 7). . 

The PDE5 antibody was also used for immunohistochemistry to 
determine PDE5 in normal and neoplastic human bladder specimens. 
In normal bladder epithelium, basal cells were weakly labeled, 
whereas superficially located normal epithelial cells were not labeled 



(Fig. 8). By contrast, cells from transitional and squamous cell carci- 
nomas showed strong labeling. Stromal cells showed no or minimal 
labeling. 

DISCUSSION 

This report describes the preclinical efficacy of exisuiind for the 
treatment and/or prevention of urinary bladder cancer. Using a rat 
model of chemically induced urinary bladder tumorigenesis, we dem- 
onstrated that exisuiind inhibited tumor multiplicity and incidence in 
a dose -dependent maimer. The inhibitory effect of the drug on tumor- 
igenesis was observed in the absence of overt toxicity to the animals. 
These findings are consistent with other rodent studies of exisuiind 
involving chemically induced tumorigenesis in colon (6, 14, 25), 
mammary (8, 15), and lung (16) models. These studies, as well as 
those from xenograft models involving malignant prostate cells (17), 
demonstrate a broad spectrum of activity of exisuiind across histo- 
logically diverse tumor types. 

Exisuiind inhibited the growth of cultured human bladder cells. For 
example, treatment of HT1376 cells with exisuiind for 6 days resulted 
in a GIgo of 1 1 8 julm. Exisuiind also induced apoptosis, although at 
higher concentrations, with an EC50 for DNA fragmentation of 3 1 7 
/xM. Differences in treatment time (6 versus 2 days) or other assay 
requirements probably account for the apparent difference in potency 
observed in the growth and apoptosis assays. In addition, growth 
inhibition in the SRB assay is a measure of a cumulative effect of the 
drug caused by a reduction in the number of live cells, whereas 
apoptosis assays measure DNA fragmentation of dying cells in the 
adherent (or intact) cell population. 

Previous studies in rats have shown that exisuiind at a dose of 1000 
mg/kg diet can generate steady-state plasma levels of —350 jllm (6). 
Because such doses cause marked growth inhibition and apoptosis of 
bladder tumor cells in vitro, the effects of exisuiind in the bladder 
model involve apoptosis in neoplastic urotheliimi. Exisuiind has also 
been reported to affect angiogenesis (26), differentiation (27), and cell 
proliferation (4) in experimental models, which may also contribute to 
the antineoplastic properties of exisuiind. However, an antiprolifera- 
tive effect was not observed in a clinical trial involving familial 
adenomatous polyposis patients treated with exisuiind (27). In this 
study, exisuiind treatment caused the regression of polyps with a 
corresponding increase in apoptosis in the adenomatous tissue. In- 
creased mucinous differentiation within adenomatous tissue was also 
reported, although it is not clear if this effect is responsible for the 
regression of adenomas or occurs as a consequence of epithelial 
normalization. 

Recently, the COX-2 -selective nonsteroidal anti -inflammatory 
drug, celecoxib, was shown to inhibit chemically induced urinary 
bladder tumorigenesis in the same rat model that we used to evaluate 
exisuiind (28). The effect of celecoxib on cancer incidence and 
multiplicity was comparable with what we report here for exisuiind. 
However, celexoxib, unlike exisuiind, did not inhibit preneoplastic 
lesions in this model and indicates that the two drugs have different 
phannacodynamic properties. In addition, appreciably higher blood 
levels of exisuiind can be achieved in vivo (6) compared with cele- 
coxib (29). 

We have reported in cultured human colon tumor cells that the 
underlying biochemical mechanism of apoptosis induction by exisu- 
iind involves inhibition of cGMP PDEs of either the PDE2 or PDE5 
isozyme families (9). The experiments described here support a sim- 
ilar mechanism for bladder tumor cells. Analysis of the profile of PDE 
isozymes present in the bladder cell line HT1376 showed similar 
PDE5 expression as observed in SW480 colon adenocarcinoma cells, 
except that the bladder tumor cell line lacked the PDE2. PDE frac- 



3966 



EXISUUND LNHIBITS URINARY BLADDER TUMORIGENESIS 



A 






Fig. 7. Subcellular localization of PDE5 in cultured human bladder tumor cells. HT1376 human bladder tumor cells were incubated with anti-PDE5 IgG labeled by 
immunofluorescence as described in "Materials and Methods." A. PDE5 labeling. B. nuclear labeling by DAPI. C, the merged image. Note discrete focal labeling around the nuclear 
periphery and diffuse labeling in the cytoplasm. 



tionation experiments do not rule out the possibility that other 
. isozymes, such as PDE6-1 1 or other novel PDE isozymes, may be 
present in intact cancer cells in lesser quantities or are extremely 
labile. However, the data do suggest a predominance of one PDE 
isozyme for degrading cGMP (PDE5) and one for degrading cAMP 
(PDE4). This profile of PDE expression appears to be a common 
characteristic of a number of epithelial-derived tumor cell lines that 
we have analyzed thus far. Exisulind inhibited PDE5 with an IC50 
nearly identical to the GI50 for growth inhibition (1 12 versus 1 18 /xm) 
and lead to a sustained increased in cGMP levels in bladder tumor 
cells. PDE4 was inhibited by exisulind with a similar potency as 
PDE5, but drug treatment did not affect intracellular levels of cAMP. 
In the absence of an agonist, this is not unexpected, because cAMP 
levels are tightly regulated by mechanisms involving activation of 
PDE4 by phosphorylation and transcriptional regulation (11). Thus, 
sustained elevation of cGMP appears to be sufficient for the growth- 



inhibitory and apoptosis-inducing properties of exisulind. Accord- 
ingly, exisulind treatment of HT1376 cells activated P KG. Two po- 
tential substrates of PKG, which mediate the apoptotic response of 
colon tumor cells to exisulind, are /3-catenin (9) and c-Jun NH2- 
tenminal kinase- 1 (30). Future studies will need to determine whether 
these and/or other substrates of PKG are phosphorylated in bladder 
tumor cells in response to exisulind and play a role in signaling 
apoptosis. 

PDE5 displayed a unique subcellular distribution pattern in human 
bladder tumor cells. Immunocytochemistry showed labeling of dis- 
crete perinuclear foci. The significance of perinuclear localization of 
PDE5 awaits further study of its function in tumor cells. Immunohis- 
tochemistry using the same antiserum showed that human transitional 
and squamous cell carcinomas overexpressed PDE5 relative to nor- 
mal-appearing adjacent urothelium. These results are consistent with 
previous observations showing the overexpression of PDE5 in colon 



Fig, 8. PDE5 expression in normal and neoplastic 
human bladder. Biopsies from normal bladder (A) or i 
TCC of the bladder (B) from the same patient were 
incubated anti-PDE5 IgG and labeled for inimunohis- 
tochemistry as described in '"Materials and Methods." 
C-£. immunolabeling of surgical specimens from two 
high-grade TCCs (C and D) and one intermediate- 
grade squamous cell carcinoma of the bladder (£) from 
three different patients. 
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adenomas and adenocarcinomas (31). The abnormal expression of 
PDE5 in neoplastic tissues may contribute to the specificity by which 
exisulind induces apoptosis. Moreover, the data suggest the involve- 
ment of PDE5 in carcinogenesis and are consistent with a number of 
previous reports showing differences in PDE and/or cyclic nucleotide 
levels between norma! and neoplastic tissues, particularly those that 
have described increased cGMP PDE activity (32). 

An additional factor for the treatment of bladder cancer patients is 
that high concentrations of exisulind may be reached in the urinary 
bladder lumen. In pharmacokinetic studies, a single oral dose of 
radiolabeled exisulind in healthy human volunteers showed that 56- 
78% of the administered dose was excreted unchanged in the urine for 
up to 96 h.** A therapeutic dose of 250-300 mg twice per day, as is 
being used in ongoing clinical trials, has the potential of generating 
high concentrations of the drug in the urine, which could have a direct 
effect on surface urothelium in addition to the systemic levels of the 
drug. 

In summary, the effects of exisulind observed in the rat model of 
chemically induced urinary bladder tumorigenesis, the growth-inhib- 
itory and apoptosis- inducing properties, and the presence of the drug 
target in human bladder tumors suggest that future clinical trials of 
exisulind for bladder cancer treatment and/or prevention be consid- 
ered. In vitro studies support a mechanism of action involving PDE5 
inhibition, sustained elevation of cGMP, and activation of PKG. 
Future studies are needed to define downstream events in bladder 
tumor cells after PKG activation and to elucidate the mechanism for 
PDE5 induction during bladder tumorigenesis and how it may influ- 
ence neoplastic progression. 
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